INTRODUCTION MODEL
In a cold magnetized plasma, the two low-frequency magnetohydrodynamic modes can be coupled by inhomogeneity. In magnetospheric physics the coupling gives rise to field line resonance [Chen and Hasegawa, 1974 ' Southwood, 1974] . In this paper we extend the hydromagne•tic box model introduced by Southwood [1974] for the study of mode coupling in an inhomogeneous cold plasma to examine the consequences of Alfv6n velocity variations along the magnetic field direction. As we show, in extreme circumstances the coupling of large-scale fast mode signals to field line resonances (localized transverse modes) is substantially modified in comparison with existing models [Southwood, 1974 [Southwood, , 1975 Kivelson and Southwood, 1985, 1986] .
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The basic model consists of a cold plasma embedded in a uniform magnetic field B in the z direction [Southwood, 1974] .
The plasma is of finite extent in the z direction with the boundaries at z = _+l and in the x direction with boundaries at x-c and x-a > c and periodic in y, as illustrated in Note that the coupling appears to be introduced by the dependence of K 2 on the x coordinate. We can show this explicitly by considering the case where there is no dependence on x in the unperturbed system. By taking the x derivative of (1), multiplying (2) by i2, adding the resulting equations, and substituting for be from ( 
The existence of the two indei•efident differential equations (5) and (7) shows that there ar• two uncoupled hydromagnetic modes when the only field inhomogeneity is in the z direction. As in the uniform case these are the hst (equation (5)) and transverse (equation (7) 
QUALITATIVE FEATURES OF THE SOLUTIONS
Let us now return io the coupled wave case. In some circumstances, we,can eliminate the z derivatives in (4). All earlier work has been done for cases when one may do so.
Assume for the moment that K 2 is a function of x alone and that the boundhry conditions at z = +l are independent of x.
For this, Kivelson and Southwood [1985, 1986] Physically, the singularity implies the occurrence 0f energy absorption at the resonance. Energy is fed irreversibly into the resonance region at a rate that is independent of the local dissipation rate. As a consequence, the global part of the signal described by (8) 
Equation (12) gives the resonant magnetic shells. As before, an eigenfunction for the idealized decoupled transverse mode will exist only on a resonant shell and thus has a delta function variation in the x direction; i.e., the eigenfunction is of the form f•r(x, z)6(x -Xo) where Xo is the resonant shell. The uncoupled fast mode equation, derived from the operator in the second parentheses in (4), can be written (cf. also equation (8)).
The eigenvalues of (13), to F, are constant and are quantized by the combination of x and z boundary conditions. The eigenfunctions will have a well-defined variation in x and z, but note that the form of the dependence on z on any particular shell differs from that of the transverse mode solution derived from (11). To demonstrate this point, we substitute a transverse mode eigenfunction into the eigenvalue equation (13). 
The eigenvalues of (15), mr, are constant, as the system contains no x dependence; the lack of specific reference to x in the transverse operator also implies that the variation with x of the transverse mode is arbitrary rather than singular as in the previous case.
The governing equation for the fast mode eigenfunctions is (8) and can be written in the form
It is possible to find separable solutions analogous to those found above for both (15) and (16). For the fast mode we may assume a sinusoidal variation in x characterized by a wave number v. We thus obtain an equation in z alone, and again the dependence on the suppressed variables is un- 
All eigenfrequencies derived from (22) and (23) depend on and )., but that is not important to our discussion here. The structure parallel to the field is important, and we should briefly discuss it, assuming that v and 2 are fixed. Equation ( 
COUPLED MODE SOLUTIONS
Let us now return to consider (4). We shall assume that there are strong gradients in density parallel to the field at some point on each flux tube. Later when we specialize, we will return to a model similar to that in the previous section. The parallel density gradients preclude us from using the approach outlined for (8).
Let G(x, z; z') be the Green's function for the transverse mode operator in (11). Because the operator is self-adjoint, its eigenfunctions form a complete set for functions satisfying the boundary conditions imposed at the z boundaries. 
DISCUSSION OF THE COUPLED SOLUTION
The formal approach of the preceding section should not be allowed to hide some simple conclusions. An important new effect has emerged. In the case where there is significant inhomogeneity along the magnetic field, a fast mode signal at a particular frequency with a given structure along the magnetic field can generally excite multiple transverse mode field line resonances. All will have a common frequency 03 but will correspond to different harmonics of structure parallel to the field. In a system in which the density varies monotonically with x, the fast mode signal will excite the different harmonics in well-separated localized regions. However, we should now recognize that it will not excite all harmonics in a system that is symmetric about the field line equator. The symmetry in z of the plasma displacement of the localized mode must be the same as that of the compressional component bz (cf. equations (2) and (3)).
Let us now consider a situation akin to that discussed earlier in which there is a high-density region concentrated around z = 0. The bz structure we expect is shown in Figure 2 , with the amplitude largest in the high-density region. Its frequency is given by (24). The transverse mode structure depends on the ratio of Alfv6n travel times for the high-and low-density regions. In the case where the Alfv6n travel time is largest in the low-density regions, the lowest Alfv•n wave harmonics have frequencies controlled by the field line length, 21. Now the lowest fast mode frequency is larger than r•Ao/2Z o (equation (24)). Unless Zo is of the order of l, we can conclude that the frequency matching will be possible only for high transverse mode harmonics. One does not expect coupling of high harmonics to be very efficient in view of the difference in functional form of such harmonics to the fundamental structure for b z (Figure 2) .
In contrast, in the case where the Alfv•n travel time is larger in the high-density region near z = 0, the frequency of the fundamental and first few harmonics is governed by Zo, and if we assume that for the fast mode v 2, 2 2 are of the order of (r•Ao/2Zo) 2, then it is not unreasonable to expect frequency matching with the lower harmonics of the transverse mode at some point in the system. In the case of (8), only the fundamental transverse mode resonance can be excited by the fundamental compressional mode, and this occurs on a shell where the fast mode is nonpropagating, i.e., field line resonance occurs beyond the turning point. The fast mode, if it is propagating, inevitably has a frequency higher than the local fundamental transverse mode frequency. We should thus inquire if one could expect efficient coupling between the fast mode fundamental and, say, second or third harmonics of the transverse mode which could occur in the region where the fast mode propagates. Such coupling could not occur in the case where (8) holds.
A measure of the strength of the coupling is the size of the term in brackets, bzn (cf. equation (35)).
Comparison of Figures 2 and 4 shows that coupling to the n = 2 mode is impossible because of the opposite symmetry but coupling to the n = 3 mode could be quite efficient. We have particularly emphasized the effectiveness of coupling of the fast mode to the third harmonic Alfv•n mode in a model where a high-density region is confined near the center of the field line. This case is potentially applicable to hydromagnetic wave structures in the Jovian magnetosphere where the centrifugal distortion of the density distribution creates a high-density zone about the field line equator.
CONCLUSIONS
The relevance of the extreme density configurations we have invoked here to the terrestrial magnetosphere is less apparent. However, the principles we have outlined surely apply to the inhomogeneous terrestrial system and may be useful conceptually in attacking the full coupled-mode problem in a dipole background field. Many dayside compressional waves in the terrestrial magnetosphere appear consistent with strong localization near the magnetic equator [e.g., Barfield and Lin, 1983; Nagano and Araki, 1983; Engebretson et al., 1986], as we would expect if the low-latitude plasma density is high. Further work is needed to test the applicability of our conclusions to the observed wave properties, but it is already clear that it will be important to organize the wave data not only by magnetic shell values but also by magnetic latitude.
